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A PROCESS FOR IMPRINTING MICRO LAGOON FIELDS 

IN PLASTIC SURFACES FOR USE IN 

CELL AND TISSUE CULTURE 

By Clarence D. Cone, Jr., and Edward N. Fleenor, Jr. 
Langley Research Center 

SUMMARY 

A process for  permanently imprinting micro lagoons of practically any desired 
s ize ,  shape, depth, and geometrical a r r ay  in the surfaces of plastic culturing vessels is 
described in detail. 
sess ing a raised image anvil of the micro lagoon field on its surface,  and the impressment 
of the heated die into the surface of suitable plastic vessels.  Details of the die fabrica- 
tion process a r e  given, including the techniques used for  photo transference of the basic 
lagoon-field image to the metal die surface and the development of the anvil imprint image 
on the die surface by chemical etching. The process used for  imprinting the lagoon-field 
image into the plastic culturing surfaces of various culture vessel  types is also described. 
Photomicrographs of typical lagoon fields formed by the process are presented, along 
with an analysis of factors in the die-fabrication process which affect the dimensional 
accuracy of the resulting lagoons. 

The process involves the fabrication of a metal  impression die pos- 

Time-lapse studies of actual cell  growth in lagoons produced by the impression 
process,  using L-strain fibroblasts, indicate that the lagoons a r e  of excellent optical qual- 
ity and are very effective in preventing both the escape of cells from the lagoons and the 
intrusion of external cells into the lagoons. The versatility of the fabrication process 
makes possible the formation of lagoon fields with dimensions specifically tailored for  
particular applications, two important examples of which a r e  discussed in  the paper. 
overall  process is readily adaptable to mass  production of impressed culture vessels and 
offers a means for  making a variety of both general and specific lagoon-field patterns 
readily available for  a wide range of cytological and microbiological applications. 

The 

INTRODUCTION 

Numerous types of cytological investigations require  experiments in which the tes t  
subject consists of a monolayer culture of small  groups of cells o r  even of a single iso- 
lated cell.  In such experiments, it is usually necessary that the test cell o r  cells be 
continually monitored and since cells in monolayer culture are highly mobile, the need 



arises f o r  preventing the migration of the test specimens out of the field of observation 
or  into areas where they may become lost o r  unidentifiable through confusion with other 
cells. Similarly, the intrusion of surrounding cells into the area of the test cells must 
be prevented. An important example of the need fo r  such micro confinement is in  studies 
utilizing time-lapse cinemicrography, wherein the test cells must be continuously con- 
fined, often for  long periods of t ime, to the microscope field of view. 

In references 1 and 2, a simple technique is described for  accomplishing the physi- 
cal isolation of cells at the micro level by confining them within tiny ponds or  micro 
lagoons which were formed in a layer of grease o r  other suitable material  deposited upon 
the primary culturing surface. This technique has proven to be of considerable interest  
f o r  application in a number of a reas  of cytological research.  The purpose of the present 
paper is to  report  the details of a subsequent advancement in the art of making micro 
lagoons wherein fields of precisely arrayed lagoons of practically any desired shape, s ize ,  
and depth can be permanently impressed with highly accurate dimensions into the culturing 
surfaces  of a wide variety of plastic culturing vessels and experimental chambers. 

The new imprinting technique, although requiring the use  of a rather  specialized and 
exacting technology in the fabrication of the impression die, is very simple in application 
and even with hand-operated impression equipment can be used to imprint rapidly large 
numbers of culture vessels o r  chamber windows with lagoon fields of any desired pattern. 
The impression molding of lagoons offers a number of substantial advantages over the 
previous grease-layer technique, foremost among these being the permanency of the lagoon 
field and the exact prescription of any lagoon geometry and a r r ay  desired. In addition, 
this method has a number of unique features for  specialized cytological applications. 

A complete description of the sequential processes utilized in the formation of 
impressed lagoon fields is presented in this report ,  including a description of the tech - 
niques used to  fabricate the impression die, and a description of the manual impression 
process  currently used to imprint plastic-culture-ware surfaces.  A discussion is also 
included of specific cytological uses  which have been made of imprinted lagoon fields and 
of the results of time-lapse studies of the correlation between lagoon depth and contain- 
ment capability. 

DIE FABRICATION AND IMPRINT PROCESSING 

This section presents a discussion of the overall process for  producing micro lagoon 
fields in  plastic surfaces , including the process for  fabricating the lagoon-field imprint die. 
The fabrication of a die capable of accurately imprinting lagoons of micro dimensions is 
the key factor in  the overall process.  The materials used in the fabrication and the source 
of these materials are indicated in table I. Superscripts on materials (in text) denote num- 
ber  of item in table I. Although these materials were used for  this fabrication, any com- 
parable materials may be used as satisfactorily. The impression die is formed by 
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photographically transferring the exact image of the desired lagoon field to  the polished 
die surface and then chemically etching away the die surface,  except for  the area covered 
by the lagoon-field image, until the desired image depth is reached. The photo transfer- 
ence and etching processes are essentially the same as those used for  production of micro 
electronic circuitry for  spacecraft applications. After fabrication of the die, imprinting 
is carr ied out by attaching the die to  the base plate of a precision milling machine, elec- 
tr ically heating it to the proper temperature for  the particular plastic being imprinted, 
and impressing the face into the plastic by using the milling machine spindle and hand- 
feed control to exert  the necessary pressure.  

TABLE 1.- MATERIALS USED FOR FABRICATION 

Material 

1. AZ-340 Photo Resist  
2. NuArc FT-18A plate maker 
3. AZ-300 developer 
4. PEMCO vertical rotating spray etcher 

5. Hi-speed circuit etch 

6. Variac rheostats 
7. Falcon plastic culture ware 
8. Polyvinyl plastic slides 

Source 

Shipley Co., Inc.; Newton, Mass. 
NuArc Co., Inc.; Chicago, Ill. 
Shipley Co., Inc.; Newton, Mass.  
Pesek Engineering and Manufacturing Co.; 

Philip A. Hunt Chemical Corp.; 

General Radio Co.; West Concord, Mass.  
Falcon Plastics;  Los Angeles, Calif. 
Carolina Biological Supply Co.; 

Minneapolis, Minn. 

Palisades Park ,  N. J. 

Burlington, N. C. 

Fabrication of Imprint Die 

Preparation -~ ~~ and polishing of initial die surface.- A dimensioned drawing of a typical 
die blank is shown in figure 1. It consists of a cylindrical base of yellow brass ,  2.0 inches 
(5.08 cm) in diameter by 5/8 inch (1.59 cm) thick, and containing a 1/8-inch-diameter 
(0.32 cm) cylinder bore for insertion of the die heating element. The b ras s  base is su r -  
faced by soldering to one end a 2.0-inch-diameter (5.08 cm) disk of 0.030-inch-thick 
(0.08 cm) beryllium-copper alloy. The die-blank dimensions given are for  a specific die 
designed to  imprint a square a r r ay  of lagoons in  the bottoms of 70-mm-diameter plastic 
P e t r i  dishes. In general, however, the dimensions of the die blank can be variable, 
depending upon the size of the lagoon-field image and the dimensions of the culturing ves- 
sel o r  coverslip into which the image is to be pressed. 

The beryllium-copper surface is subsequently polished to an essentially mi r ro r  
finish (4 microinches (0.9 nm) finish).by a se r i e s  of graded lappings, proceeding succes- 
sively through 320- and 600-grit carborundum, polishing cotton, and cerium oxide 
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glass-polishing treatments.  
image transference by ultrasonic cleaning in a detergent solution, followed by water 
rinsing. 

The polished surface is finally degreased in  preparation f o r  

After final polishing, it is essential  in all subsequent operations to protect the die 
surface from sources  of scratches if  good optical quality is to  be obtained in  the final 
impressed lagoons. 

Photo transference of the lagoon-field - - image.- .. The next s tep  in the process  involves - 
the photographic t ransfer  of the lagoon-field image to  the die surface, using an FeC13- 
etchant resistant material  to form the image. This t ransfer  is accomplished by first 
coating the polished, degreased surface with a thin film of the etchant-resistant mater ia l  
[AZ-340 Photo Resisq',  which becomes soluble upon exposure to  ultraviolet light and 
subsequent chemical development. The die surface is dipped into the filtered etchant- 
resistant solution and then spun for  4 minutes at  1250 revolutions per  minute to remove 
the excess fluid and to insure an even coating of the surface.  The die is then t ransferred 
to a hot-air oven and maintained at 1400 F for  3 hours to allow drying of the surface 
coating. The entire coating and drying operation must be carr ied out under ultraviolet- 
f r ee  conditions. 

An X20-scale drawing of the final desired s ize  of the lagoon-field pattern is accu- 
rately prepared in India ink and photographically reproduced on high-contrast positive fi lm 
at a 1/20 reduction. This film pattern is then placed with its emulsion side down against 
the Resist-coated die surface,  and the ensemble exposed in  vacuo (at 5 to 7 mm Hg abso- 
lute pressure)  to a source of ultraviolet light [NuArc FT-18A plate make4  for  4.5 min- 
utes. After exposure, the die is placed in  a developer solution [AZ-300 Photo Resist  
developed for  2.5 minutes, removed, r insed in cold water,  and air dried. 
subsequently heated to 140° F for  1 hour to dry and harden the surface image of the lagoon 
field. 

2 

3 The die is 

The etchant-resistant image is clearly visible at this stage. 

Lagoon-field image _ _  engravement _ _  - by chemical - -  etching.- -. - ~ For  physical engravement of 
the lagoon-field image into the die surface,  the die is placed in  a spray etching chamber 
PEMCO Vertical Rotating 18-inch by 18-inch spray etcher) and exposed to the FeC13 
etchant spray for  a length of t ime sufficient to give the desired image-anvil height. The 
etchant used [Hunt's Hi-Speed circuit etcq will remove approximately 30.5 microns of 
copper per minute from the die surface at looo F. The etchant chemically reacts  with 
and solubilizes all areas of the die surface except those of the image protected by the 
Resist  coating, and thus produces a raised projection of the image, referred to herein as 
the image anvil. Upon completion of the etching treatment, the die is removed from the 
chamber, thoroughly rinsed in cold water,  and dried. Finally, the resist coating remaining 
on the image-anvil surface is removed by rinsing the die in  pure acetone and drying; the 
die is then ready for  u se  in  imprinting the micro lagoon pattern into plastic, 

4 
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Factors  . . . - - affecting . accuracy . .  ~ - of ~~ image engravement. - A typical completed imprint die 
showing the image anvil of a square a r r ay  of c i rcular  lagoons of graded sizes is illustrated 
in figure 2. Each horizontal row of anvil spikes produces 5 lagoons of identical s ize  and 
depth upon imprinting. The actual lagoon diameter associated with each row for  this die 
is given in table 11; all lagoons, by the nature of the etching process,  necessarily have the 
same depth. The image anvil of the die shown in  figure 2 has a height of 45 microns and 
produces lagoons of the same  depth. 

TABLE II.- ACTUAL LAGOON SIZES 

Row 

1 
2 
3 
4 
5 

Lagoon diameter,  
microns 

30 
195 
4 50 
710 
960 

Figure 3 presents a se r i e s  of photomicrographs of representative anvil spikes 
(representing individual lagoons in the final impression) from the die of figure 2. Stereo- 
microscopic study of such spikes reveals that they have the geometrical form of truncated 
cones. This shape is to be expected from the nature of the etching process used in their  
formation, as can be seen by reference to figure 4 .  
surface wherever i t  is exposed, as soon as the tips of the anvil spikes have begun to form 
because of the vertical  removal of metal, the etchant begins to eat away metal of the spike 
s ides  in  a lateral direction (that is, parallel to the die surface), and thus reduces the t ip 
(or face) diameter of the spike. Since it requires some t ime (approximately 1.5 minutes) 
for  the etchant to remove the horizontal-surface metal to the desired depth, the par ts  of 
the spike sides which were formed first (that is, the side regions nearest  the tip) are in 
contact with the etchant for  a longer t ime than those nearest  the base, and the resulting 
increase in  metal  removal at the t ip produces the conical form. The cone half-angle of 
the spikes shown in figure 3 is approximately 30'; thus, the rate at  which the etchant (used 
in forming this die) removes metal  in  the vertical  direction (that is, in  the direction of the 
spray,  normal to the basic die surface) is fi o r  1.73 t imes the rate of removal in the lat- 
eral direction. The action of the etchant in the formation of truncated conical spikes in 
the present case is precisely analogous to the situation existing in the electrolytic forma- 
tion of ultrafine metal  microelectrode t ips by axial oscillation of fine wires  in the electro- 
lyte. (See ref. 3. )  

Since the etchant attacks the metal 

This lateral etching action has an adverse effect on the accuracy of the reproduc- 
tion of a given photographic image. The lateral removal of metal  reduces the actual t ip 
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diameter of the anvil spike below that of the photographic image, and thus resul ts  in  a 
smal le r  imprinted lagoon than intended. This e r r o r  becomes increasingly more  pro- 
nounced as the lagoon image s ize  is decreased, since the set amount by which the etchant 
progresses  laterally at the spike t ip for  a given spike height becomes an increasingly 
la rger  percentage of the basic image diameter.  Thus, for  example, a photographic lagoon 
image of 100-micron diameter,  when etched for  a sufficient t ime to  produce an  anvil spike 
4 5  microns high, will result  in  a spike t ip diameter of only about 48 microns,  the vertical- 
to-lateral  etching rat io  being 1.73. The degree of reduction in final lagoon diameter pro- 
duced by this effect depends, of course,  upon the ultimate lagoon depth desired,  since the 
longer etching t imes required to obtain greater  vertical  depth also produce additional 
lateral  removal of metal at  the tip. This effect can be easily overcome, however, by 
making the photographic images of very smalI  lagoons sufficiently oversize to  compensate 
fo r  the lateral etching action. (See fig. 5.) 

Imprinting Process  

Die heating and impression procedure .- The general prototype arrangement pres-  
ently used for manual imprinting of lagoon-field images into plastic culturing surfaces  
f o r  use in the molecular biophysics laboratory (MBL) at  the Langley Research Center is 
shown in figure 6. The die is mounted face upward on a sheet of methyl methacrylate 
plastic (which serves  as a thermal  insulator) and secured to  the base plate of a precision 
milling machine. A similar  cylindrical, smoothly polished pressplate is mounted on the 
milling machine spindle (see fig. 7) and used to  apply the impression pressure through 
movement of the machine's hand-feed control. Both the basic die and the pressplate are 
provided with simple heating elements consisting of common fine-tipped soldering irons 
(fig. 8) whose heat output is regulated by separate rheostats [Variac] 6 (fig. 6). 

For lagoon-field impression, both the die and pressplate are heated to the proper 
temperature and the plastic vessel  o r  surface blank is placed on the die surface.  (See 
fig. 9.) The dish bottom being imprinted in figure 9 is used subsequently for  preparing 
a coverslip for  use as a perfusion chamber window. For imprinting of the inside bottoms 
of plastic Petri dishes, the heating element of the die is removed after the die has reached 
the proper temperature,  and the dish placed over the die as shown in figure 10. Approxi- 
mately 15 seconds a r e  allowed for  the plastic to preheat in order  to evaporate all surface 
moisture, after which the heated pressplate is brought down with sufficient pressure  to 
insure full penetration of the image anvil into the plastic. It has been found through expe- 
rience that although pressure  alone with a cold die is often sufficient to make an impres- 
sion in  most plastics, some degree of heating greatly increases the clarity and sharpness 
of the impressed image, and hence is highly desirable. Unless the plastic to be impressed 
with a heated die is preheated sufficiently, there  is a tendency for small  bubbles (probably 
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of water vapor) t o  form in the region of the impression and produce severe  optical distor- 
tions in the lagoons. (See 
fig. 9.) The pressure  is then released, and the finished imprinted vessel removed from 
the p re s s  is ready for  sterilization and use. 

Spindle pressure  is maintained for  approximately 20 seconds. 

- +  

Plastics used for  lagoon-field impression.- Most plastics used for  culturing of cells 
and other microbiological subjects are easily imprinted with micro lagoon patterns. One 
example of a suitable plastic is that used in  plastic culture ware such as Petri and Cooper 

7 dishes [Falcon plastic culture ware] . Experiments have shown that a die temperature 
of 180° F makes excellent lagoons in  this plastic and that cells grow as readily on the 
impressed lagoon surfaces as on the basic culture surface.  A second example is poly- 
vinyl plastic of the type used for  microscopic sl ides [Carolina Biological polyvinyl plastic 
slides] ; this material  imprints well with die temperatures of only 120' F. 

~ _ _ _ _ _ _ _ _  
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Examples ~ of typical lagoons.- A lagoon-field a r r ay  which has been found highly use- 
ful at the MBL is that pictured in figure 2. 
lagoon s izes  and the square a r r ay  permits rapid location and identification of any particu- 
lar lagoon by use  of the row-column designation system. The connecting-line grid of this 
pattern is also very helpful in  rapid scanning across  a row o r  column of lagoons. 

This field provides an assortment of useful 

Figure 11 presents a se r i e s  of low-magnification photomicrographs of three repre-  
sentative lagoons made with the die shown in figure 2, and figure 1 2  shows higher magni- 
fication micrographs of two typical lagoons made with this same die. The lagoons are 
45 microns in depth. 

CYTOLOGICAL USES OF IMPRINTED LAGOON FIELDS 

Lagoon Inoculation and Cell Growth 

The various procedures which can be used for  inoculating the impressed lagoons are 
the same  as those described in reference 2 for  the case of the grease lagoons. The cells 
can simply be allowed to sett le from suspension, with chance population of the lagoons, o r  
a given lagoon can be directly inoculated with a particular cell  o r  cells by use  of a micro- 
manipulator. The inoculation operation in  the latter case is much simpler with the 
impressed than with the grease lagoons, since the impressed lagoons are very rigid and 
not subject to easy damage o r  complete destruction by accidental contact with the inocu- 
lating pipet. 

Cells, in  general, grow and proliferate well in  the micro lagoons formed by 
imprinting. 
as on the basic culturing surface in which they are impressed. Figure 13 presents a 
series of representative micrographs of L-strain fibroblasts growing in c i rcular  lagoons 
of various sizes. 

Surface attachment of cells appears to  be just as f i rm on the lagoon surfaces 
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Lagoon Depth and Cell Escape 

To determine the dependency of the confinement and isolation capabilities of 
impressed lagoons on the lagoon depth, a series of patterns of c i rcular  lagoons having 
identical geometrical forms (the same  as those shown in fig. 2) except for  lagoon depth 
were  tested. Lagoon fields having depths of 10, 40, and 60 microns were examined, the 
fields being impressed in the bottoms of Falcon Petri dishes which were subsequently 
removed and used as windows of the MBL perfusion chambers.  (See ref.  4.) For these 
tes t s ,  the fields were  inoculated with L-strain fibroblasts and followed in time-lapse 
cinephotography for  up to 96 hours. 
t es t s ,  since they a r e  highly mobile and have been found in previous work with grease 
lagoons to possess an exceptional tendency to, escape from shallow lagoons. 

These cells make excellent subjects for  such escape 

The resul ts  of these tests indicate that reasonably effective confinement and isola- 
tion a r e  obtained with the L-strain for  lagoon depths of 40 microns and greater;  however, 
the fibroblasts escape readily from the shallow lagoons (10-micron depth). In regard to  
intrusion of external cells into the lagoons, the same results apply; there  are relatively 
few intrusions for  the deeper lagoons (40- and 60-micron depths), whereas intrusions occur 
readily for  the shallow lagoons (10-micron depth) if the cell concentration surrounding the 
lagoon is moderately dense. In the case of sparse  cell  concentrations (or densities) on the 
surrounding surface,  intrusions are very seldom seen, even for shallow lagoons. 

The pr imary factor in preventing cell  escape from the deeper impressed lagoons 
appears to be the relatively sharp  (approximately 60°) corner formed where the lagoon 
bottom surface intersects the almost vertical  walls of the lagoon. Cell pseudopods appear 
to re t ract  upon contact with the vertical walls of the lagoon and thus the cell remains con- 
fined to the lagoon interior.  This pseudopod retraction appears to be independent of cham- 
ber orientation with regard to gravity; that is, whether the lagoon surface is oriented s o  
that gravity is tending to pull the cell  f rom the surface or to pull it to the surface. (See 
ref. 2.) Prevention of cell  intrusion seems to result  f rom the same phenomenon, namely, 
the relative sharpness of the intersection of the lagoon walls with the primary culturing 
surface to which the cells are attached. In general, this "bend" is not as sharp as that at 
the lagoon bottom but it is apparently steep enough to ensure that the cells do not readily 
negotiate it. The surface texture of the die in this bend region is relatively coarse,  and 
this texture may also have some effect in preventing cell  movement over this surface.  
Cells can often be seen alined along the outer edge of this region, but seldom c ross  i t .  

In describing the confinement and isolation properties of the impressed lagoons as 
"reasonably effective," it is not meant to  infer that escapes o r  intrusions never occur; 
however, they occur so  infrequently for  the deep lagoons that many practical tests 
requiring cellular isolation or  confinement for  periods up to several  days can be suc- 
cessfully carr ied out. 
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Specific Lagoon Forms  and Uses 

Basic lagoon-field patterns .- Two basic lagoon-field patterns which have been found 
useful for  general research purposes are pictured in  figure 14. 
the same as the square a r r a y  shown in figure 2, whereas the second consists of a radial- 
circumferential a r r ay  of 40 circular  lagoons consisting of 8 lagoons each of 5 graded 
sizes. When centered on a rotating stage, each circumferential "row" of this field can 
be quickly scanned by simple rotation from one lagoon to the next. Although these two 
simple patterns of lagoons are convenient for  general use,  they are but two representa- 
t ives of a wide range of possible forms  for  which imprint dies can be readily fabricated. 
As is obvious from the foregoing description of the die fabrication process,  practically 
any desired form of lagoon field for  which a suitable drawing can be made can be imprinted 
in  plastic vessels.  

The first is essentially 

Specific culture vessels .- Three basic culture vessels utilizing micro lagoon fields 
have been used for  research purposes at the MBL. Two of these,  the plastic P e t r i  and 
Cooper dishes, are shown in figure 15, with the square lagoon-field a r ray  imprinted. The 
imprint is made directly in the bottom of the Pe t r i  dish and viewing is conventionally car-  
r ied out by using an inverted microscope, although an upright microscope can be used if 
long working-distance objectives are available. Although the letter-number system of a 
Petri dish lagoon-field imprint intended for  viewing by an inverted microscope will be 
reversed when viewed with an upright microscope, the reversal  presents no real problem 
in lagoon identification and the same imprint die can be used for  both types of imprints; 
otherwise separate dies,  one with reversed designations, must be used. For  the Cooper 
dish, the imprint is made on the underside (immersion) surface of the cover and the 
lagoons can be viewed with an upright microscope. The same cr i ter ia  of designation 
reversal  and viewing direction as discussed above for  the Petri dish also apply for the 
Cooper dish. Methods for inoculating the Cooper dish cover are given in reference 2. 
The third type of vessel  is the MBL perfusion chamber described in  reference 4. The 
lagoon field in this case is imprinted on a plastic coverslip which serves  as the chamber 
window, and viewing can be done with either the upright o r  inverted microscope. In gen- 
eral, the thinner the plastic into which the lagoon field is impressed, the better the 
resulting optical qualities of the lagoons for  microscopic viewing. 

Specialized uses.-  In addition to general research uses  of micro lagoon fields such 
as pictured in  figure 14, the versatility and simplicity of the die fabrication make possible 
the impression of precisely "tailored" fields for  a number of specialized uses,  two of 
which are mentioned here.  The first involves the formation of lines of "trenches" in  
Petri dish bottoms for  use  in  holding free spherical  cells stationary during micromanip- 
ulation operations such as, for  example, impalement of microelectrodes in  measurements 
of membrane potential. 
having widths slightly less than the cell diameter and a depth about equal to the cell radius, 

For this purpose, the cells are positioned in  micro trenches 
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and are thus held securely while impalement is made through the upper surface.  The 
second use  involves the formation of rectangular micro lagoons for  use in time-lapse 
studies,  the lagoon dimensions being precisely tailored to  f i t  the time-lapse framing size. 
The lagoons are dimensioned s o  that they exactly f i l l  the film f rame for  the particular 
magnification being used and thus provide an isolation and confinement boundary around 
the test field,  but still permit use  of the entire f rame area for  cell observation. 

CONCLUDING REMARKS 

This paper has described in considerable detail a process for  imprinting in plastic 
surfaces micro lagoon fields suitable for  use in  a wide range of cytological applications. 
Although the imprinting process itself is very straightforward, the fabrication of the 
requisite impression die does require the use of ra ther  specialized equipment and pro- 
cedures.  
sion dies fo r  lagoons of practlcally any desired shapes and dimensions, and complexity 
of a r r a y  can be produced as simply as that for  a single circular lagoon. 
described was initially developed to  provide a means whereby micro lagoon fields of any 
desired geometry could be readily impressed in  common plastic culture vessels in num- 
be r s  adequate to supply the particular research  needs of the laboratory. 
the simple manual pressing arrangement described herein is adequate; however, the basic 
method should be readily adaptable to automated mass-production manufacture. In lieu 
of imprinting finished vessels,  the die fabrication process can be used to produce surface 
molds having suitable lagoon-field patterns, and the fields can be directly cast  in culture 
vessel  surfaces  at the t ime of vessel  formation. Availability of such vessels in commer- 
cial  quantities would be highly useful for  a wide range of microbiological research 
purposes. 

On the other hand, the versatility of the fabrication process is such that impres-  

The process 

For this purpose, 

The pr imary advantages of the impressed lagoon fields, as compared with those 
formed by the grease-layer technique, may be summarized as follows: 

(1) Any desired pattern of lagoon shapes, s izes ,  and a r r ay  can be easily impressed 
into a wide range of plastic materials.  

(2) The lagoon fields can be readily and permanently impressed into the surfaces  of 
a range of presently existing plastic culture ware.  

(3) Large numbers of culture vessels can be quickly imprinted, even with the manual 
techniques presently used. Adaptation to commercial  mass  production can be easily 
accomplished. 

(4) Part icular  geometrical a r r ays  of lagoons can be imprinted which permit simple 
and rapid location and identification of specific lagoons. 
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(5) The imprinted vessels may be easily steri l ized after imprinting by either abso- 
lute ethanol o r  ethylene dioxide techniques, depending upon plastic compatibilities. 

(6) The impressed lagoon shape and s ize  can be precisely tailored to fit particular 
microscope observational requirements, such as in providing confinement for  time-lapse 
fields without sacrifice of free test area. 

(7) The depth of the imprinted lagoons can be accurately regulated. 

(8) The impressed lagoons are rigid and stable, and thus are suitable for micro- 
manipulation work directly in the lagoon. 

Although the grease-layer technique for  lagoon-field formation is highly useful for  
many laboratory purposes, the preceding list shows that impressed lagoon fields (when 
suitable facilities for  their  production a r e  available) can provide a number of valuable 
extensions to the basic method, as well as new applications for  specialized requirements. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., March 20, 1969, 
129-02-05-05-23. 
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0.030 Be- Gu sheet 
Polished surface 

‘Drill 0.12, 1.5 deep 

Die image blank 

Figure 1.- Dimensions of a typical die image blank. Al l  dimensions are i n  inches. 
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L-69-1328 
Figure 2.- Photograph of a f in ished die having a square array of lagoons. The raised image a n v i l  of t he  lagoon array i s  clearly evident. 

Calibration: V4 inch.  
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L-69-1329 
Figure 3.- Photomicrographs of representative lagoon spikes of the die shown i n  f igure 2. The number i n  the lower r igh t  corner of each photograph identifies 

the lagoon row of the spike. Spikes are 4 5 ~  high. Calibration: 2 0 0 ~ .  



I-- 

A Diameter of 
photographic image. Y A 1  

B Diameter of actual 
lagoon spike. 

h Spike height 
I rB-I I 

Portion removed 
by lateral etching 

Section of lagoon spike 

Figure 4.- Section view of a lagoon spike, showing how lateral removal of metal by chemical e tch ing resul ts  in a conical f o rm f o r  the spike. 
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C Diameter of spike i f  
image of diameter B 
were used. True spike form 

Section of lagoon spike 

Figure 5.- Section view of a lagoon spike, showing how oversizing of image can resul t  in attainment of desired spike size. 
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L-69- 1330 

Figure 6.- Photograph of general setup for impression of micro lagoon fields i n  plastic surfaces. 
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L-69- 1331 
Figure 7.- Closeup view of t h e  impression setup. The heated press plate i s  mounted on  t h e  mi l l ing  machine spindle. 
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L-69-1332 
Figure 8.- Closeup view of impression setup showing method for heating the impression die and press plate. 
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L-69-1333 
Figure 9.- View of a plastic Petr i  d ish bottom being impressed w i t h  a mic ro  lagoon field. The dish bottom w i l l  be removed and used as a 

perfusion chamber window. 
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L-69-1334 
Figure 10.- View of a plastic Pet r i  dish being imprinted wi th  a micro lagoon pattern for use w i th  an  inverted microscope. 
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A 
L-69-1335 

Figure 11.- Low magnification photomicrographs of representative lagoons made with the impression die shown i n  f igure 2. 
Calibration: 2 0 0 ~ .  
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L-69- U36 
Figure 12.- High magnification photomicrographs of two representative micro lagoons made w i t h  the  impression die shown in f igure  2. 

The lagoon shown in A i s  f rom row 2 and tha t  in B from row 4. Calibration: 100~. 
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(a) Row 2 lagoons. Calibration: 651.r. L-69-1337 

Figure 13.- Photomicrographs of typical lagoons conta in ing L-strain mouse fibroblasts. Lagoons made w i th  die shown in f i g u r e  2. 
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(b) C,E row 3 lagoons; 0.F row 4 lagoons. Calibration (al l  lagoons): 1001.1. 

Figure 13.- Continued. 

L-69-1338 



(c) Row 5 lagoon. Calibration: 1OOp. 

Figure 13.- Concluded. 
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Lagoon Sizes 

750 
I O 0 0  

A B C D E 
I .-.-.- *-. 

2*-.-*-*- I H H '  
i i i i i 2  

3i-i-i-i-i3 

4 0  - 0 -  0 - 0 -  0 4  

5 0 - 0 -  0 -0 -  0 5  
A E C D E 

Square Array 

A 

(a) Square array. 

Figure 14.- Useful lagoon f ie ld patterns. Actual patterns 1/2 size shown. 
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Lagoon Sizes 

500 

3- 

Circular Array 
B 

(b) C i r cu la r  array. 

Figure 14.- Concluded. 
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I 

(a) Pet r i  dish bottom. 

(b) Cooper dish cover. L-69-1340 

Figure 15.- Cu l tu re  vessels imprinted w i th  a square array of micro lagoons. Calibration: 1/4 inch. 
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